. The primary purpose of this paper is to describe a modification of the cholesterol determination procedures (1-3, 7) that can be used for the quantitative determination of the host-specific toxins produced by H. maydis. This chemical assay system facilitates the purification of the host-specific toxins by the method of Karr et al. (4) . The assay was demonstrated to measure toxin concentrations after only limited fractionation of the culture filtrate and has been used to investigate the production of the host-specific toxins in culture and in infected plants.
Host-specific toxins are pathogen products which are toxic to plants susceptible to that pathogen. Such toxins induce symptoms typical of the disease. Since host-specific toxins are likely to be important factors in disease development (9) , isolation of homogeneous preparations of toxins and investigations into the biochemical mode of toxin action are important to an understanding of host-pathogen relationships. Many workers have used biological assays for detection or quantitative measurement of host-specific toxins (4, 6, 8) . Estimation of toxins may involve measurement of typical disease symptoms induced by the toxin (8) or host-specific physiological effects, such as toxin-caused inhibition of root elongation (6) . Whereas biological assays are initially necessary for the purification of compounds with host-specific toxic properties, these assays have certain disadvantages when applied to the quantitative determination of the toxin. First, bioassays are time consuming (some take 22 hr [8] or longer [6] for full symptom development). Second, uptake of the toxin or biological response to the toxin may be affected by impurities in the preparations.
1This work was supported in part by National Science Founda- spectrophotometer and the high energy automatic slit width program.
Isolation of Toxins from Culture Filtrates. H. maydis, race T, was grown in still liquid culture at 23 C. To study the program of toxin release, the liquid from cultures was harvested at periods from 0.5 through 5.5 weeks after inoculation of the medium. Fungal material from each set of cultures was collected by filtration and dried to a constant weight at 60 C. The host-specific toxins were isolated from the filtered medium as described previously (4) .
Isolation of Toxins from Infected Plants. Corn (W-64A, Tms cytoplasm) and wheat plants were inoculated with a suspension of H. inaydis spores at a concentration of 2000 spores/ml. The conditions of inoculation and the methods for isolation of the toxins from infected plants were the same as those described previously (4) . Triticum aestivum varieties 'Fortuna' and 'Manitou' were used in this study because of their diverse field reaction to leaf diseases, the former being susceptible to a wide range of pathogens and the latter being relatively resistant. Both corn and wheat were grown under greenhouse conditions. Spectral Data. The infrared spectrum of toxin V was obtained on a Beckman Microspec spectrophotometer using a micropellet of KBr. Quantitative Measurement of Toxin. The absorbance spectra of the acetic anhydride-sulfuric acid reaction products of purified toxins I, II, and III are shown in Figure 1 sorbance of the reaction products and the amounts of toxins I, II, III, or the standard lanosterol in the reaction mixture (Fig.  2) . The molar extinction coefficient was 3.5 x 10' for toxins I, II, and lanosterol, and 3.8 x 10' for toxin III. These extinction coefficients were calculated using a mol wt of 388 for toxins I and II and 550 for toxin III (4) . The standard deviation of the absorbance of the toxin reaction product at 330 nm was 5% in a range from 20 ,ug through 700 ,ug of toxin. The maximum absorbance for a sample was obtained by heating the reaction mixture at 56 C for 15 min (Fig. 3) . The absorbance value at 330 nm is stable for a period of 2 hr if the temperature of the product mixture was maintained at or below 24 C. When other toxins (such as toxins IV and V, for which no extinction coefficients are available) were present in the assay mixture, the total amount of toxin present was expressed relative to a standard concentration curve prepared with lanosterol (Fig. 2) . A mg lanosterol equivalent would be the amount of toxin that gives the same absorbance value as a mg of lanosterol.
RESULTS

Pathological
Measurement of Toxins in Partially Purified Preparations. The spectrophotometric assay was used routinely to monitor total toxin production by the fungus during growth in culture. The toxins were isolated using the scheme described previously Plant Physiol. Vol. 55, 1975 TOXINS OF H. MAYDIS (4) . After the ether extraction step in this isolation scheme, the host-specific toxins were the only compounds in the preparations which reacted with the reagents used in the assay. The steps in the isolation scheme of acetone precipitation, butanol extraction, and ether extraction were necessary not only to remove nontoxic compounds which react with the acetic anhydride-sulfuric acid reagent but also to remove extraneous materials which prevent thorough drying of the sample. Using such a procedure, it was possible to measure total toxin concentrations without subjecting the toxin preparations to extensive purification.
Toxins were readily detected in the culture medium 3 days after inoculation. At this time, the total amount of toxin present per g of dried fungal material is more than 4 times greater than at later times after inoculation (Fig. 4) . Indeed at the 3-day point in Figure 4 the total weight of toxin produced equals 1.5% of the total dry weight of the fungal material present. This initial burst of toxin production subsided within S to 7 days after inoculation of the culture medium and toxin production was maintained near 3 mg lanosterol eq per g dry weight of fungal material throughout the growth cycle of the fungus.
Location of Toxins during Fractionation of Culture Filtrates. The spectrophotometric assay was used routinely to locate the host-specific toxins during fractionation of culture filtrates. Using the spectrophotometric assay, it was possible to show that greater than 90% of the materials applied to the Bio-Gel P-2 column (4) was recovered as peaks coincident with toxins I, II, III, IV, and V (Fig. 5) . These results are in agreement with data obtained previously using radio-labeled toxins (4). Only those fractions containing detectable biological activity in the leaf bioassay react with the acetic anhydride-sulfuric acid reagent. Fractions 55 through 82 contain a mixture of the compounds designated toxins I, II, and III. Fractions 100 through 120 contain the compound(s) designated toxin IV. The small peak due to a compound or compounds present in fractions 83 through 92 resulted from another host-specific toxin not described in previous work (4). This toxic activity has been designated toxin V and went previously undetected because of the inability of the bioassay to determine toxin concentration quantitatively.
Toxin V Activity. Toxin V activity present in fractions 83 5 .5 weeks after inoculation by the isolation scheme described previously (4) . No attempt was made to separate toxins I and II. Toxin amounts were measured using the spectrophotometric assay. Toxins I and II (0-0-0), toxin III (--0), toxin IV activity (0-0-0), and toxin V (A-A-A) . through 92 (Fig. 5) is clearly separated from toxin III after Bio-Gel P-2 chromatography, but these fractions contain toxin I and toxin II. The toxin V activity can be separated from contaminating toxin I and II by preparative paper chromatography (developed with 1 -propanol-ethyl acetate-water, 7:2:1) using conditions described previously (4) . Toxin V activity prepared was soluble in absolute ethanol but not in acetone. Toxin V contained only one component detectable by sulfuric acid charring after silica gel TLC in 1-propanol-ethyl acetate-water (7:2:1, v/v) under conditions described previously (4) . This component reacted with the same chemical spray reagents as toxins I, II, and III (4) and caused host-specific symptoms in the leaf bioassay. The migration value of the toxin V activity relative to cholesterol when subjected to TLC in 1-propanolethyl acetate-water system was 0.58. Under these conditions toxin V activity migrated faster than toxin III but slower than toxin II (4). The infrared spectrum of the component possessing toxin V activity is shown in Figure 6 . A component with the solubility properties, the chromatographic properties, and infrared spectral properties identical to the toxin V activity from culture was isolated from susceptible lines of corn and Fortuna wheat infected with H. maydis. This component was not present in uninoculated plants or in resistant lines of corn or in Manitou wheat inoculated with H. maydis.
Production of Host-Specific Toxins. Three days after inoculation, toxin V was the predominant toxic activity in the external culture medium (Fig. 7) . At 7 days, toxins I and II increased rapidly and they soon became the dominant toxic activity in the culture filtrate. Toxin III and toxin IV began to increase after 5 days and increased steadily during the 35-day study period. Toxin V is also produced at an early time during growth of H. mayvdis on susceptible corn and wheat. Fifteen hr after inoculation of Fortuna with H. maydis, toxin V activity represented more than 60% of the toxic components reacting in the colorimetric assay. Eventually, all of the host-specific toxins were recovered from Fortuna infected with H. maydis. At 12 and 24 hr after inoculation of corn (W64A, T cytoplasm), toxin V activity was also the predominant toxin recovered.
Sensitivity of Leaf Bioassay. The conditions for the leaf bioassay have been described previously (4) . Using the spectrophotometric assay to determine the toxins quantitatively, it was possible to establish the lower sensitivity limits of the leaf bioassay. As little as 10-12 moles of toxin II were found to cause visible symptoms on leaves from corn line W64A, T cytoplasm. Symptoms were reproducible at such low toxin levels only when healthy second and third leaves from a plant at the 5-leaf stage were used.
DISCUSSION
The spectrophotometric assay presented in this report represents a rapid, sensitive, and simple method for quantitative estimation of the host-specific toxins produced by H. maydis, race T. The use of this assay for location of the toxins as they elute from sizing columns significantly decreases the time required for toxin isolation (4) . The assay is sensitive and can be used to measure as little as 20 ,ug of toxin.
The assay has been used in this way to monitor total levels of toxin production by different isolates of H. maydis race T, (Karr, unpublished results) and could conceivably be used to study the effects of environmental changes or fungicides on toxin production in culture.
The highest total level of toxin per g dry weight of fungus appears in the culture medium within the first 7 days after inoculation of the medium. The "burst" of toxin production early in the growth cycle of the fungus may reflect the importance of the toxins as one factor in the establishment of the pathogen.
The infrared spectrum of toxin V (Fig. 6) bears close resemblance to that of toxin III (4) . Toxin V reacts with all of the reagents designed for the detection of sterols and terpenoids (4) . In addition, it reacts in the modified Liebermann-Burchard reagent described in this report. This collective evidence suggests that toxin V is also another in the class of toxins previously described associated with H. mnaydis, race T (4).
Toxin V appears to be the dominant toxin activity early in the growth cycle of the fungus. It represents more than 60% of the total host-specific toxicity in the host from 12 through 24 hr after inoculation and also represents approximately 60% of total host-specific toxin during the first 5 days of growth in culture. The time scale for the program of toxin production was compressed during growth of the fungus on a susceptible host (as compared to growth in culture). Toxins I and II became the predominant toxins in the period of 24 through 48 hr after inoculation of the host while they did not become the predominant toxins until 7 or more days of fungal growth in culture.
While toxin V appeared early in the growth cycle, there is no evidence to suggest that toxin V activity possesses any inherent properties which would result in a special role for this compound in the establishment of the pathogen in the host. Toxin V and toxin II seem to be equally toxic and produce the same symptoms in the leaf bioassay. It is likely that toxin V activity is just an early product of a complex metabolic apparatus in the fungus that eventually leads to the production of all of the host-specific toxins. 
